was serologically diagnosed in hysterectomyderived gnotobiotically reared guineapigs. The probability of vertical transplacental transmission is discussed.
Encephalitozoon cuniculi is an intracellular microsporidian parasite that causes mild, often subclinical disease in a wide range of mammals, including man (Wilson, 1979) . The infection is commonly found in rabbits (Gannon, 1980) . Infection in guineapigs and other laboratory rodent species might primarily result from crosscontamination from infected rabbits (Gannon, 1980) . Reports on naturally occurring E. cuniculi infection in guineapigs are relatively scarce. Perrin (1943) reported the presence of the parasite in the brain in one of 291 guineapigs examined histologically. Also Ruge (1951) and Sebek (1969) each found one animal with lesions in the brain and kidneys respectively. Moffat and Schiefer (1973) detected typical microgranulomata containing E. cuniculi in the brain and kidneys qf 2 healthy and 2 dead guineapigs. Finally, Gannon (1980) detected E. cuniculi associated kidney lesions, but no cerebral infection in 12 guineapigs showing relatively high tit res at serological screening. Based on serological surveys (Chalupsky et al., 1979;  Gannon, 1980) , Received 11 September 1986 . Accepted 29 March 1988 E. cuniculi infections seem to be common in conventional guineapig colonies. In infected colonies 29-85% of the animals were considered to be seropositive. No serological evidence for E. cuniculi infection was found in hysterectomy-derived barrier-maintained guineapig colonies (Gannon, 1980) , indicating that rederivation by hysterectomy can be used to eliminate the infection.
Transmission of the infection occurs most probably through ingestion or inhalation of spores of E. cuniculi, since spores are passed profusely in the urine of infected rabbits (Cox et al., 1972; Cox et al., 1979) . Transplacental transmission of E. cuniculi has been claimed for mice (Perrin, 1943; Innes et 01., 1962) , blue foxes (Mohn et al., 1974) and rabbits (Hunt et 01., 1972; Cox et al., 1977) , but from studies in both naturally and experimentally infected rabbits, Owen and Gannon (1980) concluded that infections are due to horizontal contamination. Recently Wilson (1986) reported that transplacental transmission of E. cuniculi was not detected in rabbits and mice challenged with E. cuniculi at different stages of gestatio}l. In a hysterectomy-derived gnotobiotically reared guineapig colony that was examined for the presence of (potentially) pathogenic microorganisms we found serological evidence for E. cuniculi infection in the gnotobiotic animals. The possibility of vertical, transplacental transmission of nosemiasis in guineapigs is discussed.
Materials and methods

Animals
Hysterectomy was performed on 69 conventional guineapigs (housed separately from rabbits) under strict aseptic conditions as described by Boot and Walvoort (1984) . The gravid uterus was ligated at the end of both horns and at the cervical ends and then removed from the animal. The entirely closed uterus was passed into an autoclaved (121 ec, 20 min) stainless steel isolator system via a germicidal dunk tank containing a 2070 solution of Lyorthol (active substances benzylchlorphenol and phenylphenol; Medica B.V., Den Bosch, The Netherlands) prepared immediately before use. Young animals were born within the isolator by incising the uterus and removing fetal membranes using sterile instruments. From the 9 groups of 6-9 females, 260 young animals were born, which were raised gnotobiotically (Boot & Walvoort, 1984) within 9 separate stainless-steel isolators. The relationship between parents and young animals within the groups was not recorded. Litter size ranged between 2 and 5 animals. E. cuniculi seronegative, gnotobiotic CRF-mice, containing a strict anaerobic colonization resistant microflora (Van der Waaij et 01. , 1971) were housed with the guineapigs for up to 3 weeks. Initially autoclaved (121 ec, 45 min) semi-synthetic Lobund-L478 diet (Tekland Test Diets, Madison, Wisconsin, USA) was provided. After 3 weeks a 2· 5 mRad ')'-irradiated commercial pelle ted diet (Hope Farms BV, Woerden, The Netherlands) was fed.
Forty animals died within 2 days due to premature delivery. During the first 3 weeks after birth 10 more animals died. On the basis of gross pathological lesions, tissues from these animals were selected for bacteriological examination. Samples from affected organs were inoculated onto 2 plain sheep-blood agars, a sheep-blood agar containing nalidixic acid (40 JLg/ml) and an Endo agar. A sheep-blood agar was incubated anaerobically and all other media were incubated aerobically for 48 h at 37 ec, read, reincubated for 3 more days and then discarded since no growth was obtained. After the first 3 weeks, 9 groups of 11-36 animals, totalling 192 young were successfully raised. During the study surplus males were eliminated from the different groups, thus finally the 9 groups contained 11-15 animals, totalling 115 young. The gnotobiotic Boot, van Knapen, Kruijt & Walvoort offspring from the 9 different groups of females remained separated during this study. Bacterial contamination (apart from the deliberately introduced CRF-flora) was not detected in faecal samples from the different groups of young at the end of this study.
Serology
Sera were sampled at hysterectomy from all but 8 of the females. At 7 to 17 weeks after birth 6 animals per group (group size 11-36 animals) were sampled. Four to 10 weeks afterwards sampling of 5 seronegative groups (group size 11-15 animals) was repeated ( Immunofluorescence test (IF) The E. cuniculi used as antigen originated from a spontaneously infected rabbit. Homogenate of the rabbit kidney was inoculated intraperitoneally in cortisone treated mice. Rabbit kidney cell (RK 13) cultures were then inoculated with spores from infected mouse ascites fluid as described by Waller (1975) . Spores were harvested by pouring off the medium, filtration through a 10 ILm membrane filter, centrifugation (10 000 g for 15 min) and resuspension in phosphate buffered saline (PBS) pH 7, 2 (3 washing steps). Spores were counted using a haemocytometer under phase-contrast and adjusted to a concentration of 10 8 spores/ml, 2· 5 ILlof the counted spores were dropped per slide, air dried, fixed in methanol and stored at -20 ec before use.
The IF-test was performed as described by Cox et al. (1972) using a FITC-Iabelled goat anti-guineapig conjugate (Nordic, Tilburg, The Netherlands) diluted 1: 20. All sera were screened at 1 : ·10 dilution in phosphate buffered saline (PBS) pH 7, 2. Positive sera were reexamined using doubling dilutions up to 1 : 160 in PBS.
Vertical transmission of Encephalitozoon cuniculi Histology
Five seropositive healthy young animals (Table  1: groups 5-9, tit res 80-160) were at the age of 20 weeks submitted for postmortem examination. Samples of brain, liver and kidney were fixed in 4070 neutral buffered formaldehyde and prepared for histopathological evaluation. Tissue sections were stained with haematoxylin and eosin and with Gram's stain. Selected sections were stained according to Van Gieson's method for collagen fibres (Luna, 1968, slightly modified) and with the modified congo red method to identify amyloid according to Pearse (1968) . In addition, brain and kidney sections of one animal were examined for E. cuniculi parasites using a peroxidase anti peroxidase labelling method as described for Toxoplasma using rabbit anti-Encephalitozoon antiserum (Conley et al., 1981) .
Results Antibodies to E. cuniculi were detected in 8 of 61 (13%) maternal serum samples (Table 1) , showing tit res from 10 to 80. At initial screening 18 of 54 (33%) samples from young animals (aged 7-17 weeks) were seropositive, showing titres from 10 to 160 (groups 6-9). Repeated 339 sampling of 30 young from the seronegative groups 1-5 at the age of 15-27 weeks, revealed 8 seropositive animals present in groups 3-5.
The 7 seropositive groups of offspring were derived from 5 seropositive and 2 seronegative groups of females. From one of the seronegative groups of females (group 4) 2 animals were not tested. The 2 seronegative groups of offspring were derived from a seronegative group of females and the group from which no serum samples were taken.
With the exception of group 3, in all other seropositive groups some of the young showed antibody levels at least equalling antibody levels in their respective mothers. In group 7 the number of seropositive young animals (6) exceeded the maximum litter size (5). Group 8 did not contain seropositive females.
Postmortem examination of 5 healthy seropositive young animals aged 20 weeks revealed subacute interstitial nephritis of slight to moderate severity in 4 animals and a few necrotic liver foci. The animal in which nephritis was severest also showed multi focal medullary amyloidosis. Brain lesions were not observed. E. cuniculi parasites were not detected. 
Discussion
The prevalence of E. cuniculi seropositive animals in our conventional breeding colony (13070) appeared to be considerably lower than the prevalences reported by Chalupsky et al. (1979) (29-85070) and by Gannon (1980) (46-63070) . Titres detected in females and their respective offspring in this study were clearly lower than observed by Chalupsky et al. (1979) and Gannon (1980) . The prevalence within guineapig colonies might depend on husbandry conditions. Gannon (1980) considered guineapigs housed with infected rabbits at greater risk of becoming infected than those housed separately. Our conventional guineapigs were kept separated from other laboratory animal species. Differences in prevalence and titres observed might at least partly be due to differences in serological methods employed. Both Chalupskyet al. (1979) and Gannon (1980) , using an immunofluorescence (IF) test and an immunoperoxidase test respectively, found uniformly low titres (e.g. up to I : 32) in some colonies of guineapigs. We used the IF-test as described by Cox et al. (1972) . Differences in antibody tit res may also be based on the choice of the antigen and the method of preparation. We used an E. cuniculi strain isolated from a rabbit, maintained in rabbit kidney cell culture. Chalupsky et al. (1979) used a mouse strain obtained from rabbit choroid plexus cell cultures. Gannon (1980) used a strain of unknown origin maintained in mice (Gannon, 1978) .
Although Chalupsky et al. (1971) did not find immunological differences between E. cuniculi strains from different laboratory animals, and other studies (Wilson, 1979) suggest the existence of just one Encephalitozoon species, differences in antigen preparation methods might induce differences in the expression of surface antigens and hence influence the sensitivity of the test. The presence of E. cuniculi antibodies in hysterectomy-derived gnotobiotically reared offspring may partly result from the transmission of maternal antibodies (Brambell, 1970) . However, at 15-19 weeks after birth, some of the young showed tit res higher than their respective mothers. Moreover maternal antibodies could Boot, van Knapen, Kruijt & Walvoort not have been present in young of group 8. Although this might suggest contamination, because of precautions taken at hysterectomy, accidental horizontal transmission of infectious agents (including E. cunicull) from mother to young during this operation is very unlikely. At first sight offspring in groups 3-5 appear to show a very late seroconversion (e.g. in group 3 after more than 16 weeks), suggesting accidental contamination during rearing. However, postmortem examination of young animals which died during the first 3 weeks of the rearing period and examination of faecal samples at the end of the study, revealed no bacteriological contaminations by aerobic and anaerobic cultivation (data not shown), excluding accidental introduction of agents afterwards. Based on the relatively small number of animals tested (6 out of 18-27 in groups 3-5) it is far more likely that seropositive animals were actually present within these 'seronegative' groups at initial sampling. The presence of seropositive young animals derived from seronegative mothers (group 8) might be very well explained by the presence of one or more females that had recently contracted the infection and had not yet produced demonstrable antibodies at hysterectomy. The data lend full support to the vertical transplacental transmission of E. cuniculi infection in our guineapigs.
The only valid report on vertical transmission of E. cuniculi infection is the detection of encephalitozoonosis in 3 gnotobiotic rabbits born through caesarian section (Hunt et al., 1972) . All other claims must be rejected since horizontal transmission may well have occurred during normal delivery, rearing by the mother (Mohn et al., 1974; Cox et al., 1977) , or rearing by foster-mothers (Perrin, 1943) that were not examined for the absence of E. cuniculi. Innes et al. (1962) considered E. cuniculi infection to be vertically transmitted based on the finding of E. cuniculi parasites in a SPF-breeding colony derived from germfree mice, but the report remains unclear about the hygienic measures taken to prevent horizontal contamination. Failure to demonstrate E. cuniculi infection e.g. in hysterectomy-derived offspring from experimentally infected susceptible rabbits (Wilson, 1986) does not exclude the possibility of transplacental transmission of the parasite. Wilson's study revealed reproductive failure in 13 of 16 E. cuniculi seronegative does that were challenged with the parasite at different stages of gestation, but normal reproductive performance in challenged seropositive does and in untreated animals. Apparently only tissues from 3 healthy litters born from E. cuniculi challenged seronegative does, but not from aborted fetuses, were examined for the presence of the parasite.
The absence of clinical symptoms attributable to E. cuniculi infection in our study agrees with the general view that the infection is often only found at postmortem examination (Wilson, 1979) . The inability to detect the parasite in histological sections in our animals is probably related to the advanced stage of the lesions. In addition, studies in rabbits (Waller, 1977; Gannon, 1978) indicated that compared with serology, histology is an inferior method of diagnosing E. cuniculi infection. The interstitial nephritis observed at postmortem examination was considered a remnant of E. cuniculi infection, but it must be admitted that seronegative guineapigs were not examined for kidney pathology.
We conclude that our findings provide strong evidence for the possibility of vertical transplacental transmission of E. cuniculi in guineapigs.
